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This invention relates to the preparation of catalytic cracking catalysts containing phosphate treated zeol- 
ites. These catalysts are highly attrition resistant and have the attendant benefits of improved conversion, low 
coke and dry gas formation and improved octane yield in catalytic cracking. 

Both fluid (FCC) and moving-bed catalytic cracking are commercially practised in a cycling mode. Dunng 
these operations the hydrocarbon feedstock is contacted with hot, active, particulate catalyst without added 
hydrogen at pressure of up to about 4.5 bar (50 psig) and temperatures sufficient to support the desired crack- 
ing As the hydrocarbon feed is cracked to form more valuable and desirable products, undesirable car- 
bonaceous residue known as "coke" is deposited on the catalyst The coke contains carbon as well as metals 
that are present in the feedstock. _ . 

In FCC riser cracking the catalyst is a fine powder of about 20-100 micrometers in diameter which is pro- 
pelled upwardly through a riser reaction zone, fluidlzed and thoroughly mixed in the hydrocarbon feed. The hyd- 
rocarbon feed is cracked at high temperatures by the catalyst and separated into various hydrocarbon products. 
The coked catalyst particles are separated from thecracked hydrocarbon products, and after purging iare frans- 
ferred into a regenerator where the coke is burnt off to regenerate the catalyst The regenerated catalyst then 
flows downwards from the regenerator to the base of the riser. 

The cycles of cracking and regeneration at high flow rates and temperatures have a tendency to physically 
break down the catalyst into smaller particles, called "fines" which have a diameter of up to 20 micrometers as 
compared to the average diameter of the catalyst particle of about 60 to about 90 micrometers. Excessive attri- 
tion increases the cost of catalyst to the refiner. _ . ■ 
Commercial catalytic cracking units include cyclones and electrostatic precipitators to prevent fines from 
becoming airborne. Additionally, the catalyst particles cannot be too large in diameter, or they may not be suf- 
ficiently fluidized. Therefore the catalysts are maintained under 120 to 150 micrometers in diameter. 

in determining the unit retention of catalysts, and accordingly their cost efficiency, attrition is a key con- 
sideration. While the size of the particles can be controlled relatively easily by the initial spray drying of the 
catalyst, if the attrition rate is high the average particle size may quickly diminish, producing fines which should 

not be released into the atmosphere. ... . . .. . 

Additionally, deposition of coke on the catalyst particles is undesirable. It inevitably results Irr decline in 
catalytic activity to a point where the catalyst is considered to have become "spent"; and it forms on ^catalyst 
at the expense of the more desired liquid products. To regenerate the catalytic activity, the coke must be burnt 
off the "spent" catalyst at elevated temperatures in a regenerator. ; 

Current worldwide refinery trends indicate a continuing need to process heavierfeed stock. As a result, 
many refineries process feedstock containing resids or deeper cut gas oils which have high metals contents. 
The enhancement of octane produced in catalytic cracking operations is an important goal in the preparabon 
of zeolite containing catalysts. Environmental regulations, and the phaseout of lead additives for gasolines, 
require refineries to use catalysts which produce increased octanegasolinesfrom heaviermetals contaminated 

feedstock^ ^ ^ disc | 0 ses a method of preparing a zeolite-matilx cracking catalyst in which a zeolite, hav- 
ing been treated with phosphate, is either calcined orfiltered and washed and then combined with matro i com- 
ponents to form a catalyst composition having enhanced gasoline selectivity and superior thermal stability 

Accordingly, one object of the present invention is to provide a zeolite containing catalyst which has 
improved attrition resistance; • , . .. 

Another object of the present invention is to provide attrition resistant catalysts which also provide the 
benefit of increase octane performance. . 

A still further object of the present invention is to provide attrition resistant and octane enhancing catalysts 
without further increasing coke or dry gas make. . 

These and other objects are achieved by the present invention which provides a process for preparing a 
zeolite containing catalyst which has improved attrition resistance, and causes improved octane with no 
appreciable change in dry gas and coke make when used during catalytic cracking processes. The catalyst is 
prepared by modifying the zeolite by treatment with a phosphate containing aqueous solution. The zeolite may 
include large pore zeolites such as X. Y, USY, REX, REY, RE-USY. dealuminated Y and I s>l'ca-ennched 
dealuminated Y; or intermediate pore zeolites such as ZSM-5, ZSM-11 , ZSM-22. ZSM-23, ZSM-35 ZSM^S 
and ZSM-57; or small pore zeolites such as erionite and ZSM-34, and mixtures thereof, preferably an REY large 
pore zeolite. Treatment of the zeolite is best accomplished in an aqueous solution, at a pH range from about 
2 to about 6, containing a water soluble phosphate compound. The phosphate trealment of the zeolite is pref- 
erably carried out by initially deagglomerating the zeolite,- preferably in an aqueous slurry in the presence of 
the phosphate containing solution, such as a solution of ammonium monohydrogen phosphate, ammonium 
dihydrogen phosphate, triammonium phosphate, ammonium hypophosphate. ammonium orthophosphate, 
ammonium dihydrogen orthophosphate, ammonium monohydrogen orthophosphate, ammonium hypophos- 
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phite, ammonium dihydrogen orthophosphite, and mixtures thereof. The mixture of phosphate modified zeolite 
and treatment solution is then combined with matrix precursor to form a slurry. The slurry is preferably spray 
dried to form the catalyst, most preferably having a particle size below 200 micrometers. The catalyst may be 
used in the catalytic cracking of a hydrocarbon feedstock by contacting the hydrocarbon feedstock under suit- 
able catalytic cracking conditions in an FCC, moving bed or other catalytic cracking apparatus. The catalyst 
can be used for treating resids in which the hydrocarbon feedstock has a higher average molecular weight, a 
lower API gravity and/or a higher metals content than gas oil. - 

Using REY and USYas examples, phosphate pretreatmentwas shown to provide increased attrition resi- 
stance. Surprisingly however, phosphate pretreatment of REY zeolites also caused improved octane with no 
appreciable change in dry gas and coke make during catalytic cracking. By comparison, the phosphate pret- 
reatment of USY zeolites, although resulting in improved attrition resistance, did not result in appreciable octane 
gain. The phosphate containing solution may include any water soluble inorganic phosphate salt which pro- 
duces reactive phosphate ions at the pH range, preferably from about2 to about 6, at which the zeolite is treated.. 

Any means for intimately contacting the phosphate containing solution with a zeolite at an acidic pH can 
be adopted to improve the attrition resistance of the catalyst. It is preferred that the zeolite and phosphate con- 
taining solution be deagglomerated as an aqueous slurry, e;g. by ballmilling. This distributes the zeolite into a 
uniform slurry and ailows the leaching of aluminum from the framework of the zeolite and the formation of an 
aluminum phosphate compound on the surface of the zeolite, ft is also preferred that the phosphate solution 
be dissolved in a suitable dispersant and water prior to contacting with the zeolite. The preferred phosphate 
solution comprises an aqueous solution of ammonium dihydrogen phosphate at a pH of about 2 to 6. The phos- 
phate compound is preferably combined with the zeolite in a ratio of from about 2 grams to about 15 grams of 
phosphate compound as phosphorus, per 100 grams of the zeolite, measured by dry weight. 

After the zeolite has been pretreated with the phosphate containing solution for a sufficient time to modify 
• the zeolite; the zeolite phosphate treated slurry is combined with a slurry of matrix precursors; Thei zeolite/matrix 
slurry suspension is sufficiently mixed before spray drying to form fluidizable catalyst particles, preferably less 
than 200 micrometers in diameter. 

The use of the catalyst of the present invention in catalytic cracking of gas oil or resids results in gasolines 
having increased octane and no appreciable change in dry gas and coke make, and in a lower rate of attrition 
of the cracking catalyst. Thus, the preparation of cracking catalysts of the present invention, preferably using 
REY zeolites, in addition to improving attrition resistance also mimics the performance of catalysts containing 
USY zeolites. - ■■[ ' 

Not only the zeolite but also the matrix precursors may be pretreated with phosphate to provide even higher 
attrition resistance. Phosphate treatment of the matrix component alone, however, does not improve the octane 
performance of the catalyst, as shown by the Examples which follow. Improvetfattrition resistance is very effec- 
tively obtained by phosphate treatment of aluminum oxide containing matrix material; forming aluminum phos- 
phate "glue" in the matrix; * 

We believe that the improved attrition resistance is caused by the formation of aiuminurh phosphate gel, 
which forms on the zeolite surface by leaching of framework aluminum in the acidicmedium and actsas a bin- 
der. We also believe that depletion of framework aluminum in the zeolite results in the improved octane obser- 
ved when catalysts of the invention are utilized in catalytic cracking. Thus one of the preferred zeolites to be 
used in the present invention (REY) has a relatively low framework silica to alumina ratio. 

The preparative technique according to the invention thus differs radically from previous catalyst-phosphat- 
ing proposals which seek principally to enhance yield and thermal stability, in that according to the invention 
the primary beneficial effect is attrition resistance; frequently with octane enhancement. This shift of effect is 
accounted for by the fact that the conditions of phosphate treatment employed in the prior art curtail, as by cal- 
cination or removal by washing, the possibility of interaction between phosphate and catalyst components. In 
consequence no phosphate "glue" is able to form. ; • . ; , ^ ; ; 

We also believe that another reason for the increased octane performance of the catalyst of the present 
invention is the passivation of sodium by the phosphate ions. Metals like sodium ordinarily poison the catalyst, 
causing reduced octane during catalytic cracking. By removing or locking up sodium (and other metals in the 
catalyst, such as nickel and vanadium) the phosphate pretreated zeolites in the catalyst produce higher octane 
without increased coke or dry gas make. We believe that either one, or both of these mechanisms may be acting 
synergistically, to provide the benefits observed in catalytic cracking with the catalyst of the present invention. 

Accordingly, the catalyst of the present invention is particularly suited for cracking heavy feedstocks such 
as resids, which have higher average molecular weight and lower API gravity than gas oils. 

The following examples further illustrate the various features of the present invention, and are not intended 
in any way to limit the scope of the invention which is defined in the appended claims. 
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EXAMPLE 1 



A control REY catalyst containing (on the basis of weight) 25% REY, 45.3% silica 3.4 alumina and 26.3% 
kaolin clay was prepared in accordance with the following method, 
s A batch of REY zeolite (SMR 6-1 801 . Davison Chemical Division of W.R. Grace & Co., Baltimore, Md.) 

weighing 750 grams (dry weight) was mixed with 4.5 grams of dispersant (Marasperse N-22, Reed-Ligmn Inc., 
Greenwich Conn.) and 1338 grams of Dl water and ballmilled in a 3.8 dm* (one-gallon) porcelam ballm.ll con- 
tainino 3 54 ko (7 8 lbs ) of 1 .27 (1/2 inch) agate stones. After 1 6 hours, 1 638 grams of Dl rinse water was added. 

10 was mixed with 8973.5 grams of sodium silicate (N-Clear, PQ Corp., Valley Forge, Pa.) contaiti.ng 28.8 /o S.0 2 , 
8 8% Na,0, and mixed with 42.72 kg (94.1 lbs) of water. The resulting slurry was success.vety neutralized by 
844 grams of 96.2% H 2 SC 4 and 5.83 kg (12.85 lbs) of aluminum sulfate (General Chemicals Co.. Momstown. 
NJ.) Ts a solution containing 193 grams Al 2 0 3 . To this gel-clay slurry, 7.13 kg (15.7 lbs) of the zeolrte slurry 
prepared above. (20.1 1 % solids) was added and homogenized. The resulting slurry was dewatered reslurned 

is and I spray-dried. The spray dryer (Komline-Sanderson, Peapack, N.J.) is operated at approximate y 1 .43 bar 
(6 psig) air pressure, with a 0.152 cm (0.06 inch) nozzle at about 250 cc/min. feed-rate using a Moyno feed 

^^ample?^-!' describe the phosphate pretreatment of the REY zeolite component during the initial ball- 
milling step in accordance with the present invention. 
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EXAMPLE 2 



The procedure described in Example 1 was modified by adding 5.76 grams ammonium dihydrogeaphos- 
phate NH4H 2 P0 4 (98% solids. Alfa Products. Ward Hill, MA.) per 100 grams REY zeolite (by dry weight) dunng 
25 the initial ballmilling step. 

EXAM_P_LE3 

The procedure described in Example 1 was modified by adding 1 1 .52 grams ammonium dihydrogen phos- 
phate per 100 grams REY zeolite (by dry weight) during the initial ballmilling step. 



EXAMPLE 4 



The procedure described in Example 1 was modified by adding 23.15 grams ammonium dihydrogen phos- 
35 phate per 100 grams REY zeolite (by dry weight) during the initial ballmilling step. 



EXAMPLE 5 



The procedure described In Example 1 was modified by adding 46.31 grams ammonium dihydrogen phos- 
40 phate per 100 grams REY zeolite (by dry weight) during the initial ballmilling step. 



EXAMPLE 6 



The procedure described in Example 1 was modified by peptizing clay with 5.0 grams of 86. 1 % H 3 P0 4 per 
45 100 grams of clay (by dry weight) atthe start of the gel-clay slurry preparation procedure. This procedure results 
in improved bonding of the clay component The phosphate component, however, is locked into the clay portion 
of the matrix where it does not benefit the catalytic activity of the zeolite; 



EXAMPLE 7 



The procedure described in Example 1 was modified by substituting H 3 P0 4 for H 2 S0 4 (equivalent basis) 
during the neutralizing step of the clay slurry preparation. 



EXAMPLE 8 



The catalyst of Example 1 was post-impregnated with IN ammonium dihydrogen phosphate solution to inci- 
pient wetness, and subsequently dried. 



4 
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EX^ P LE 9 

The procedure of Example 3 was modified by substituting the same dry weight of USY zeolite (Z-14 US, 
Davison) for REY zeolite. 

EXAM_PL£ L 10 

This example serves as a control for Example 9. The procedure in Example 1 was modified by substituting 
the same dry weight of USY zeolite for REY zeolite. 

EX^PLEJJ 

Another control catalyst was made, as in Example 10, which contained the same dry weight of USY zeolite 
(SMR 6-1709, Davison Chemical Co.). The catalyst was ion-exchanged with RE 2 0 3 solution (Davison Specialty 
Chemical Co., Baltimore, Md.) to give 2.9% (by weight on dry basis) RE 2 0 3 on the finished catalyst. 

EX^_PLE_12 

This example describes the preparation of a catalyst in which the clay component was treated with 
ammonium dihydrogen phosphate during the gel-clay slurry preparation. The catalyst was prepared with the 
nominal composition (by weight) of 24% REY, 43.7% silica, 3.3% alumina, 25.4% Kaolin clay and 3.6% phos- 
phorus according to the following procedure: 

A batch of REY zeolite, (Davison) weighing 750 grams (by dry weight) was mixed with 2.25 grams of Maras- 
perse N-22 dispersant (Reed-Lignin Inc.) and 860 grams of Dl water and ballmilled; in a 3.8 dm 3 (1 -gallon) por- 
celain ballmill containing 3.54 kg (7.8 lbs.) of 1.27 cm (1/2 inch) agate stones. After 16 hours, 1638 grams of 
Dl rinse water was added. In a separate stirred vessel, 456.5 grams of Kaolin day (Georgia Kaolin Co.) 86.16% 
solids, was added to 2360 grams of N-Clear (PQ Corporation) containing 28.8% Si0 2 and 8.8% Na 2 O f and 
mixed with 9.76 kg (21.5 lbs.) of ice water. To this slurry, 207 grams of NH4H2PO4 (Alpha Products) dissolved, 
in 1500 grams of Dl water was added. The resultant slurry was successively neutralized with 222 grams of 
96.1% H 2 S0 4 and 1.54 kg (3.39 lbs.) aluminum sulfate (General Chemicals) solution containing 51.16 grams 
of Al 2 0 3 . To this gel-clay slurry, 1 842.8 grams of the REY slurry. (20. 35% solids) wa^ added and homogenized. 
The resultant slurry was dewatered, reslurried and spray dried as described in Example 1. 

EXAMP^13 - - V 

This example describes the preparation of a REY catalyst in which the zeolite has been contacted with 
phosphate solution. The catalyst having the nominal composition (by weight) of 94% REY and 6% P 2 0 5 was: 
prepared as follows: 

A batch of REY zeolite (Davison) weighing 375 grams (by dry weight) was mixed with 2.25 grams of Maras- 
perse N-22 dispersant (Reed-Lignin Inc.) and 860 grams of Dl water and ballmilled in a 3.8 dm 3 (1-gallon) por- 
celain ballmill containing 3.54 kg (7.8 lbs.) of 1.27 cm (1/2 inch) agate stone. After 16 hours, 626 grams of Dl 
rinse water was added. Separately, a solution (solution C) containing 36.03 grams of NH4K 2 PQ 4 ammonium 
dihydrogen phosphate (Alpha Products) dissolved in 260 grams Dl water was prepared. The equivalent of 350 
grams of REY (by dry weight) in the form of the ballmilled slurry was mixed with solution C for 30 minutes in a 
stirred vessel* homogenized and spray-dried as described in Example 1. The catalyst could not be tested in a 
fluidized bed .(as described in Example 15) since after calcination the catalyst broke apart. 

E^f_LE_14 

The catalysts prepared in Examples 1-13 were tested for their Attrition Index, 
^rition Test 

To determine the attrition index of the fluid catalyst, 7:0 cc of sample is contacted in a 1.0 inch U-tube with 
an air jet formed by passing humidified (60%) air through a 0.07 inch nozzle at 21 liter/minute for 1 hour. The 
attrition index is defined as the percent of 0-20 micrometer fines generated during the test relative to the amount 
of >20 micron material initially present 
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Ann wt% of fines AA - wt% of fines BA 

Al = 100 x wt% of fines BA 

where AA means after attrition, BA means before attrition and fines means wt% of 0-20 micrometer material. 
The lower the attrition index, the more attrition resistant is the catalyst 

The Al results along with the physical properties of each catalyst are summarized in Table 1. 
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Comparing the data in Table I for the phosphate treated catalysts of Examples 3, 4, 5, 6, 7, 8, 12 and 13, 
versus the non-phosphate treated control of Example 1, shows attrition resistance is improved by phosphate 
pretreatment of either the REY zeolite (Examples 3, 4, 5) or the clay component (Example 6) or post impreg- 
nating the catalysts with a phosphate solution (Example 8). No improvement is seen by phosphate treating the 
5 matrix (Example 7). . . 

A further comparison of the catalyst prepared in Examples 2, 3, 4 and 5, which contain the phosphate pre- 
treated REY zeolite versus the non-phosphate treated control of Example 1 , shows that the catalyst prepared 
in Example 2 did not show improved attrition resistance due to an insufficient amount of phosphorus being pre- 
sent 

10 Although an improved attrition resistance was observed in Example 6, the treatment of the clay component 

with NH 4 H 2 P0 4 prior to neutralization and mixing with the zeolite slurry, in accordance with Example 12. did 
not result in improved attrition resistance. Also, the treatment of the zeolite alone with a solution of NH 4 H 2 P0 4 
solution prior to spray drying, as described in Example 13. resulted in a catalyst which after calcination did not 
survive the Attrition Test. 

15 Accordingly, the phosphate pretreatment of the REY zeolite, rather than phosphate treatment of the other 

catalyst components such as the matrix or the zeolite/matrix mixture; and, the level of phosphate used in the 
pretreatment both influenced the improvement observed in attrition resistance of the various REY catalysts tes- 
ted. 

Additionally, catalysts prepared in accordance with Example 9 which contained phosphate treated USY 
20 zeolite, versus a control of Examples 10 and 1 1 also exhibited an improved attrition resistance. 

EXAMPLE 15 

To demonstrate the effect of phosphate treatment of the various catalytic components, the catalysts prep- 
25 ared in accordance with Examples 1-13 were evaluated in a fixed-fluidized bed (FFB) hydrocarbon catalytic 
cracking unit at a temperature of 404°C (760°F) and at a catalyst contact time of 1 .0 minutes using Joliet Sour 
Heavy Gas Oil (JSHGO) as a feed and varying the catalyst to oil ratios. The JSHGO charge stock properties 
are given in Table II. 
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TABLE II 





Charge Stock 


Joliet Sour Heavy Gas Oil (JSHGO) 


5 


f^ravirv API 


OA *k 




Aniline Pt °C 


77 9 M71\ 




riyorogen, wivo 


12.3 




OUIIUi , Wl /O 


«1 Q7 
I.Of 


10 


INlUUy el 1, Wl /O 


U.1U 




Roe if* Mitrnnan nnm 

Dasiu iNitrogen, ppm 


327 




Conradson Carbon, wt% 


0.28 


15 


Kinematic viscosity at zio r (99 


3.6'. 




Bromide No. 


4.2 




RJ.at70°F(21.1°C) 


1,5080 


20 


Molecular Weight 


358 


four romi, o. ( 


29.5 (85) 




Paraffins, wt% 


23.5. <; . 




Naphtenes, wt% 


32.0 f , ,,- • 


25 


Aromatics, wt% 


44.5 • f • 




Aromatic Carbon, 25% 


i8:9 . ' 'I:-.-'. . ' Z 
■ - • ^ - • . ■ ■ -. ■ 


30 


Ni, ppm 


O.fr ' - ' &V "Iv 




V, ppm 


0.6 ■ : | ;: 



The FFB results, after interpolation at the same conversion (65 vol% in Exam pies 1-8 and 1 1-12; 50 vol% 
in Examples 9-10), are summarized in Tabie III. 
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As shown in Table III, the REY catalysts provide octane/yield shifts, relative to the untreated control of 
Example 1, which depend upon which catalyst component has been phosphate treated. The following obser- 
vations are particularly noteworthy: 

1 . The catalysts containing the phosphate pretreated REY zeolites of Examples 2, 3, 4, and 5 of the present 
invention are superior to the other REY containing catalysts tested because they show a 1.7-3.1 octane 
gain. . » : 

2. The REY catalyst containing the phosphate treated clay component of Example 6 shows no observable 
difference in yield/octane performance. 

3. The REY catalyst containing phosphate treated matrix of Example 7 provides higher octane, hC 4 and 
C = 4 , but also provides a higher coke make. 

4. The REY catalyst prepared In accordance with Example 1 2 shows higher octane but lower gasoline yield 
and higher dry gas and coke make relative to the catalyst of Examples 2-5. The catalyst of Example 13 
was not tested in a fluldized bed (as described in Example 1 5), due to its extremely poor attrition resistance. 

5. Surprisingly, in comparing the catalyst prepared in Examples 9 and 1 0, we note that the phosphate pre- 
treatment of the USY zeolite prepared in Example 9 did not improve octane/yield performance, although 
improved conversion was observed. 

6. Comparison of the phosphate treated REY datalyst prepared in Examples 2-4 with the rion-phosphate 
treated RE-USY catalyst prepared in Example 1 1 , shows similar octane but the catalyst prepared in Exanv- 
pies 2-4 are more active, resulting in higher conversions while showing an equivalent dry gas and coke 
make, and also provide higher C = 4 , and i-C 4 yields: ; : ; - ; .,>; 
Accordingly, these Examples demonstrate that phosphate pretreatment of REY zeolites during the initial 

deagglomeration step enhances the attrition resistance and the octane/yield performance of the catalyst con- 
taining the phosphate pretreated zeolite. 

The following Examples illustrate the case where the zeolite is an intermediates-pore zeolite. 

EX^J^LE_1_6. , ; Ui . ^ .. t , , J 

A slurry containing 375 grams of dried 55/1 SiCVAkC^ ZSM-5 crystals and 2.6 grams of Marasperse N-22 
dispersant (Daishowa Chemicals Inc., Roth child, Wl) was diluted to 33% solids withfol water and ballmilled for 
16 hours in a 3.8 dm 3 (one-gallon) porcelain ballmill containing agate stones. Aftetf ballmillihg, the slurry was 
recovered and rinse water was added to the slurry to reduce the solids content tp|20 wt%. 5106 grams of a 
Kaolin clay slurry was prepared containing 1953.5 grams of Kaolin (Georgia KaolimjCompany, Elizabeth, NJ): 
The Kaolin clay used in these examples has an average particle size of 2.4 micrometers. An H3PO4 solution 
was prepared by adding 275.7 grams of 86% H3PO4 to 1 974 grams of Dl water. The H3PO4 solution was added 
to the zeolite slurry over an 11 minute period. The pH of the phosphoric acid-treated zeolite slurry was 1.36. 
Next, the phosphoric acid zeolite slurry was added to the Kaolin slurry over an 1 1 minute period with stirring: 
After stirring for an additional 15 minutes, 909 grams of DI water were added; the pH was 1 .68. Dl water was 
added to adjust the percentage solids of the slurry to 25%. After homogenization, the slurry was spray dried. 
The resulting catalyst, identified herein as catalyst A, was calcined for two hours at 649°C in air. 

The attrition indices of the spray-dried and the calcined catalyst were 12 and 8 respectively. 

EX^PLEU 

In this example the benefits of adding ball day to the phosphoric acid Kaolin/zeolite slurry are illustrated. 
The ball clay used has a smaller mean average particle diameter (0.5 vs 2.4 micrometers), a higher organic 
content (3.3 vs 0.9 wt%), and a higher surface area (25 vs 14 nr^/g) than the Kaolin day. A zeolite slurry con- 
taining 375 grams of 55/1 Si0 2 /AI 2 C>3 ZSM-5 (dry basis) at 20% solids was prepared as described in Example 
1 6, 4087.2 grams of a clay slurry was prepared containing 1 562.8 grams of Kaolin. 1 021 .8 grams of a ball clay 
slurry was prepared containing 390.7 grams of ball clay (Kentucky-Tennessee Clay Company, Mayfield, Ken- 
tucky). An H3PO4 solution was prepared by adding 275 grams of 86% H3PO4 to 1974 grams of Dl water. The 
H3PO4 solution was added to the zeolite slurry over a 15 minute period. The Kaolin slurry was then added over 
an 1 1 minute period. After 15 minutes of stirring, an additional 909 grams of Dl water was added. The ball day 
slurry was then added over an 11 minute period. After stirring for 15 minutes, additional Dl water was added 
to adjust the % solids of the slurry to 25%. After homogenization the slurry was spray dried. The resulting catal- 
yst, identifed herein as catalyst B, was calcined for 3 hours at 649°C in air. 

The attrition indices of the spray-dried and the calcined catalysts were 5 and 6, respectively. 
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EXAMPLE _18 



10 



15 



20 



EXAMPLE 19 



A zeoHte s.urry containing 375 grams of 55/1 SWIA ZSM-e i(dry ™«™^ZEfi£& 
descdbed.nExam^ 

grams of a ^^\^^7^^^ ^7^3 of ^Jier. The H 3 P0 4 soiution was 
was prepared by adding 274.5 grams of 86 1 A q " 3 ™* Sstnioiln slurry was then added to the resulting slurry 
added to the zeolite slurry over a 1 5 minute per tod The ^™^^ rfDlTOtervra8add ed;thesec- 
overan 11 minute period. After 15 mmutes of stirring * n *^* J min utes, additional Dl water 

^ded^ 

ruCttei^r^ 



25 



30 



yst. 

EXAMPLE 20_ 



. of t«t R° r M450*FH6r 10 hours in 45% steam/55% air at 1 bar (Opsig). 

Catalyst C was steam-deactivated at 787.8 C (1450 F ^Jiu no™ hj h had been re moved 

The resulSg catalyst was blended with a of 0.3 wt%, 

from a commercial FCC unit following oxidative regeneration (catalyst fc), to a z.£>m 

The blend is referred to as catalyst F. - _ ■: - Q ^ . ^ properties listed in Table 

and selectivity were calculated. The results are shown in Table V. 
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Table IV 





Properties of Joliet Sous Heavy Gas Oil 


5 


r'our r'Oint, O { r) 


32.2 (90) 




Ul/K, WtTo 


0.54 




K.V. 040°C 


N/A 


10 


K.V. 0100°C 


8.50 


Aniline Point, °C (°F) 


76.9(170.5) 




Bromine Number 


8.7 


15 


Carbon, wt% 


87.1 : 




Hydrogen, wt% 


12 1- 




Sulfur, wt% , 


2.1 ,, i.. 


20 


Nitrogen, wt% 


0.41 


Basic Nitrogen, ppm 


382 




Nickel, ppm v ; 


0.3 v -■■ ' 


25 


Vanadium, ppm 


0.4 




Iron, ppm: 






Copper, ppm 


20 


30 


Sodium, ppm 


1.3 ; - : 



35 



40 



45 



50 



Yield Distribution wt% 
(§65 vol% conv. ) 

Coke 

Cl-C 3 

C 4 

C5+ gasoline 

LFO 

HPp 

RON 



5.0 
7.4 
7.5 
42.6 
29.2 
8.3 

90.7 



4.9 
11.3 

9.9 
36.2 
2 8.9 

8.7 

92.9 



-change in C5+ Gasoline/change in RON 3 5 
change in RON/wt% ZSM-5 * 7.3 



55 



Claims 

1. A process for preparing a zeolite cracking catalyst having improved attrition resistance, comprising mod- 
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5. 
6. 

7. 



h , fro^tinn the zeolite with a phosphate containing aqueous soiution to form an aqueous 
cursor to form a slurry, and spray drying said slurry to form a catalyst 

A orocess according to claim 1. wherein said phosphate containing solution is maintained at a pH from 
about 2 to aS during the treating and includes a water soluble phosphate compound. 
A process according to claim 1 or Cairn 2 wherein said zeolite is selected from iarge pore zeoi.tes and 
intermediate pore zeolites. 

A process according to any preceding claim wherein the spray drying forms said catalyst particles having 
a diameter of less than 200 micrometers. 

A process according to any preceding claim wherein the zeolite is REY. 

A process according to any preceding claim wherein said phosphate is present as an inorganic phosphate 



salt 



8. A process according to any preceding claim wherein the treatment is carried out in the presence of a dis- 
persant. 

SSJSS :^p hi »a„d , K rln»n lum d,h^o rt hophosp Wte . 

11 A process according to any of claims 3 to 10 wherein said large pore zeolites include X. Y, USY. REX, 
' REY, RE-USY, dealuminated Y and silica-enriched dealum.nated Y. 

12 A process according to any of claims 3 to 10 wherein said intermediate porezeolites include ZSM-5, ZSM- 
11 ZSM-22, ZSM-23, ZSM-35, ZSM-48 and ZSM-57. 

uLn and inLately contact the phosphate containing solution w.th sa,d zeohte. 

14. uaeofacata.ystpreparedinaccordan^^^^ 
ing of a hydrocarbon feedstock. 

15 . Use according to claim 14 wherein the feedstock has a higher average molecular weight and lower API 
gravity than gas oil. 

16. Use according to daimU or cla^ 
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